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INTRODUCTION 
The literature concerning the physiology of the 
mannnalian adrenal cortex is so voluminous that it would be 
beyond the scope of t h is paper to review it in detail. 
However, The Adrenal Cortex (1949) and The Adrenal Cortex 
1. 
(1950) are two monographs which contain reviews of some of the 
most recent publications in the field as well as discussions 
of the most recent concepts of adrenocortical physiology. 
Hartman and Brownell (1949) have compiled a great deal of 
expe rimental data in their text book. In addition, they have 
included the basic histology and compara tive anatomy of the 
adrenal gland. The importance of the adrenal cortex as a 
homeostatic organ is emphasized by Sayers (1950). Gaunt, 
Birnie, and Eversole (1949) have reviewed the role of the 
cortex in wat e r metabolism. A survey of the literature of 
the endocrine system of the hamster was made by Snyder (1948). 
A great many phenomena have been obs e rved by endocrino-
logists which have demonstrated an apparent interrelationship 
between the adrenal cortices and the gonads of mammals. These 
phenomena are so nmnerous that Parkes (1945) was forced to 
adopt an artificial clas sifica tion o~ these interrelationships 
in order to review the field with some order and clarity. This 
paper will be confined to the results of investiga tion into 
the interrelationships between the adrenal cortex and the gonads 
of the golden hamster (Mesocricetus auratus) and to comparison 
2. 
with the conditions f ound in the r a t. 
Rela tive l y little work ha s been done on the endocr ine 
g l a nd s of the hamst e r. Hov.rever, Pe c z e n i k ( 1942) h a s demon-
s tra ted tha t there i s a sexua l dim o~pbis m in t he si ~ e of the 
adrenal cor t ex, the ma l e cortex b e ing l a rge r tha n that of the 
fema le. Th is c ond ition is opposite to t ha t found in the r a t 
a nd i nde ed, to t ha t f ound in a ll oth e r ~amma ls i nves t iga ted 
( Hill 1938 ). 
Pec zenik (1944), Koneff (1946 ), a nd Ke ye s (1949 ) ob-
ser v e d t ha t gonade ctomy of the h amst er e qual i z es t he si ze of 
t he ma l e a nd f ema l e cor tice s, which i s in agre eme nt wi t h t he 
r esult s of gona dec t omy in t h e r a t (Pa rke s 1945 ). The e qua l-
iza tion is effe cted b y enlargement of t he fem a l e co r t ex a nd 
a d e c r ea se of t h e ma l e co r t ex. Pe c zenik (19 44) a lso p ointed 
put t hat t his e f f e ct of gonad e c tomy c ould b e reversed in the 
ma le by i n jection of a ndro ge n s, but not i n t he f ema l e with 
inject i ons of estrogens . Therefo r e, i t a ppe9rs t hat andro gens 
h a v e e i ther a d i re ct or ind i re c t s timula t i ng e f f e ct on t he size 
of t he adre na l in the ham ~ ter . Hall (1940 ) found t ha t the 
siz e of t he adrenal of the fema le r at wa s reduced by a dminis -
tra ti on of a ndro gens. Re p or t ed obs e rva tions on oth e r s pecies 
led Pa rkes (1945) to co n lud e t hat h e ma le a dr e na l is s malle r 
t han tha t of t he fema l e ecau~ e at suppression exerted by 
t e sticula r a ctivity . We are t h en face d wi th t he pro-
blem of r eversed function of androgens in the gold en hamste r a s 
3. 
compared with the rat. Further, t h e inhib i t or or i nhib itors 
of the size of the female hamst e r's cortex must be explained 
b efore the condit i on in all mammals c an be t h oroughl y under-
stood. 
Various investigators have demonstrated that in mammals, 
adrenocort icB.l and ova rian haormones c an partly rep l a ce one 
another i n t herapy following adrenalectomy. Emery and Schwabe 
(1936) and D'Amour and D'Amour (1939) found that injection of 
gonadotrop ins greatly increased the survival lime of bila t-
erally adrenalectomized rats. Several workers have p ointed 
out that t h ere are changes i n the adrenal cortex which ar e 
associated with the estrus c y cl e of the fema le r at and hamster 
(Anderson and Kenn e dy 1932 , Pecz enik 1944). In turn, othe r 
investigators have demonstr .ted that t h ere is some relation-
ship between p resence or a b se n ce of cortica l 6ormones and the 
estrus cycle ( Wyman 1928, Corey and Britton 1934, and Bourne 
and Zuckerman 1941). There rema ins a difference of op inion 
as to whether these v a rious eff ects are due to d irect inter-
action b e tween the adrenal anu the ova r y or to mediation of 
the pituitary-end org an axis. 
Because of the dif ferences of the rat and the hamster i n 
the histophysiology of the adrenal cortex (Alpert 1950) and 
the reversal of· the sexual dimorphism of t h e cortex of the two 
spec i es, va rious experiments whi ch were designed further to 
exp lain the phenomena mentioned above were c a rri ed out on the 
4. 
hamster. 
For t he s ake of cla rity, the methnds and discussi on will 
be given with the r e s u l t s of e a ch t yp e of exf eriment. 
SURVIVAL TIME AFTER ADRENALECTOMY 
No data a re ava i lab le i n the literat ur e concerning the 
• 
effect of bilater al adr ena l e ctomy in the golden hamster. 
Therefore t h e first series of e xperiments were underta ken to 
5. 
determine the time of surviva l of both male s and females after 
a drenal e ctomy. Vari ous control groups were devised to locate 
the source or sources of any diff erences that were f ound . 
Methods 
Seventy-eight ma le s , var ying in a ge from eight to t wenty-
five weeks, were bilatera lly adrenalectomi zed . Ten males wer e 
subjected to a blank operation to note the effect of the sur-
gi c a l procedu~e. Ei ghty-nine fema les, va rying in age from 
e i ght to t wenty weeks, were used. Fifty of these were bil at -
erally adrenalectomized, f ift een ovariectomized, and twenty-
four ~ere adrenal ectomized-ova riectomi z ed. 
~ 
The dorsol a tera l approach was employed in all adrenal-
ectomies (Snyder 1948), both adr enals being r emoved in a one-
st2 g e op eration (Fig. 1-5). A b ell jar wa s used as the initial 
a nesthetizing c hamber, b ut ;,;vas r eplaced b y a wire-gauze ether 
cone during the operation. The me an operating t i me from anes-
thetization to suturing of the skin wa s twelve minutes. The 
ovarie.s we re also excised t h rough a dorsolateral a pproach, the 
mean op era ting time being eight minutes. When both adr e nals 
and ovarj_ es were removed the same mus cle inc i sion was used for 
Figure 1. Photograph of the hamster and operative instru-
ments before adrenalectomy. Goosenecked lamps used ror 
illumination. A rrog board was used as an easily man-
euverable table. To the left of the frog board are 
wound clips and two pair of force ps, one curved and one 
straight. To the right of the frog board are a bottle 
of iodine, a curved forceps, a straight scissors and 
curved scissors used for cutting the hair in the oper-
ative field. 
6. 
r; . 
Figure 3. Photograph or muscle incision. The left forceps 
acts as retractors. 
B. 
Figure 4. Photograph of the right adrenal with surrounding 
fat and connective tissue. The next step is the excision 
of the gland. 
9. 
U.LUg J.l:i.v l:i..UU vU.L.U..LCIIJv.J..VC IJ..LOOU.C o . .... ... vv v .uv .._-., ... u 
animal. 
Figure 5. Photograph of the skin i ncision closed with 
Michel wound clips. The adrenals with the surroun-
ding fat and connective tissue are to the left of the 
animal. 
10. 
ll. 
both procedures. The mean operative time was fifteen minutes. 
All anin1a ls were maintained on Purina Lab Chow, ad 
libitum, and tap water, with no special post-operative care 
being taken, except that the anima l room was never below 
70° F. The body weights of all animals were r e corded at 
least every other day. In addition, vaginal smears were taken 
daily from all females, st a rting one week prior to ope r a tion. 
Only f emales with regular estrus cycles were used in tne ex-
perimental procedures. 
The pituitaries and ovaries of the adrenalectomized 
animals were fi x ed in Bouin's solution upon death. Some 
ovariectomized animals were sacrificed and their adrenals and 
pituita ries were prepared for hi~tological examination. Other 
ovariectomized females were a drenalect omiz ed at va r ious times 
after the initial operation, varying fr om s even to thirty days. 
The p ituita ries of the a drenalectomized-ova riectomized animals 
were fix ed upon death for a f uture st udy . 
Results 
Males-The survivaltimes of the males are shown in Figure 
6. The rang e of survival was from the f ourth to the eleventh 
post-operative day . The mean survival time was 6.7 days with 
a standard deviation of 1.6 days. A constant and rapid wei ght 
loss was demonstrated (Fig. 7), with the tot a l loss being 26 
per cent of the weight of the animal at the time of adrena l-
ect omy. 
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The blank ope rated animals survived indefinit ely and 
their body weights were not affected sig_nifi ca ntly. 
14. 
Females-The survival times of all bilaterally adrenalec-
tomize d females are r epr es enteo in Figure 8. Rang e of sur-
vival was from five to seventeen days after the op e r a tion, 
while the mean survival time was 10.2 days wit h a standard 
deviation of 3~1 days. Using Fisher's Table for~' it was 
determined that t he difference betwe en ma le and female survi-
val time was si gni f icant. The grea ter range of survival t ime 
of the fema le, in compa ris on to th~J. t of the ma le, will be 
discussed below. The mean total weight loss was 28 per cent 
(Fig. 7). 
Figure 9 is a rep r es en t a ti on of the survival times of the 
adrenalectomized-ovariect omized females. The range , five to 
eleven days, and f orm of the graph is a lmost identical to tbat 
of the ma les. The mean surv ival t ime of this group was 7.0 
days, whi ch is not si gn i fican tly different from thut of the 
males (6.7 days). This gro up had a mean total wei ght loss of 
35 pe r cent (Fig. 7). 
Ova ri ectomy a lone wa s not fatal, but t he gro~~h of the 
animal was inhibited, the body we ight r ema ining a t a fai rly 
const a nt level. The longest period that any an i ma l of this 
group was followed was thirt y days after the operation. 
Effect' of Adrenalectomy on the Estrus Cycle 
The effect of adrenalectomy on the estrus cycle fell into 
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two cate gories, either the absence of an effect or the e x ten-
sion of metestrus. Metestrus was considered extended when 
its duration was more t han t wo days (after vVard, 1946). Nine 
females, t we lve weeks or y ounger, ex hibited an e x t ended metes-
trus (four to t we lve days), while sevent e en of this a ge group 
exhibited no change in their estrus c ycle . Of twenty-four a ni-
mals f ourteen weeks and ol uer, fifteen dis p lay ed ext ension of 
metestrus (five to thirteen days ), while the estrus cycles of 
the r es t were not affected . 
It is apparent from Figure 8 that homo geneity is lac k ing 
in the surviva l times of the females . There are three peaks, 
one at seven da y s, one at nine, and another a t fourteen days 
after opera tion. The ext ension of metestrus in s ome of the 
animals forms the b a sis for t h e division of the fema l es i n to 
at lea st t wo gro ups. In add ition, the fi nd ing t ha t 62 pe r 
cent of the f emales over 1 4 weeks and only 3 5 per c ent of the 
fema l es under 14 we e ks exhibited ext ended metestrus p rov ides 
another basis for division of the data . 
Brea kdown of the survival times int o four groups , fema les 
under 14 weeks with exten de d metestrus (Table I), f ema les 
under 14 wee k s with norma l c ycles, f emales over 1 4 weeks with 
extended metestrus (Table I), and females over 14 weeks with 
norma l. cycles, reveals some intere E;ting a nd significa nt data . 
St utistical a na l ysis of the survival times of all females 
under 14 week s of a g e (Fig . 10) shows t hat the range of 
those animals with normal cycles was from six t o el e ven d a y s 
ESTRUS 
Age 0 1 2 3 
8 wk ... I II III 
8 wk. IV I J; I II I 
10 wk. IV II Ill IV 
10 wk . I I I IV II III 
-
1 2 wk. III I II IV II 
12 wk . III I I I IV II 
TABLE I 
CYCLES OF FEMALES WITH EXTENDED ME'rESTRUS 
FOLLOWI NG BILATERAL ADRENALECTOMY 
4 
IV 
III 
II 
I I I 
III 
III 
Days after operation 
5 6 7 8 9 
I I III III III III 
III III TII IV I I 
III III III III 
III III III 
III IV II I I I III 
. ...-..z..·~ -1· 
III III I I I I II III 
KEY 
I - PROES'rRUS 
I I - ESTR US 
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IV - DIESTRUS 
10 
III 
III 
III 
11 
III 
III 
III 
1 2 13 
III III 
III III 
14 15 
III III 
III 
16 17 
III III 
I-' 
co 
. 
TABLE I (Cont.) 
Days after 012~ £_El1.i_ op 
-- . 
Age 0 l 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 
-
14 wk. II III III III III III III III III III III III III 
14 wk. I III III III IV II III III III III III III III III III III 
14 wk. I II III III III III III III IV II III III IV II III III IV IV 
14 wk. II III III III III III III III IV IV III I II III III III 
14 wk. IV II III III III III III III III I I I I I I III III ·IV IV 
16 wk. IV II III III III III III III III IIT III III III III III 
16 wk. III III III III III IV II III III III III III III III III 
16 wk. III IV II III III IV II III III III III III III III III III 
-
20 wk . IV . II III III III IV III III III III III III III III III 
KEY 
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nom 
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21. 
after opera tion, while t h ose with extend ed mete s trus had a 
range of survival of from eight to seventeen day s after a drenal-
ectomy. The mean survival time s were 7.6 (s.d. 1.5) and 10.8 
days (s.d. 2.9) respectively. The difference b etwe e n the 
t wo g roup s is significa nt, b ut only t h e mean survival time of 
those f emales whic h exhibi ted extende d metestrus i s signi f i-
c antly different from that of the mal e s. 
Adrenal e ctomized fema les 14 we e ks of a g e or older, 
likewise divided into the group s of those tha t had normal 
cycles and t h ose tha t had extended metestrus, haa mean survi-
val times of 9.1 (s.d. 1.7) and 13.4 days (s.d. 2.1) respec-
tively. The survival times of the se groups are plotted in 
Fig ure 11. The means are b oth significantly different from 
each other and from the s u rviva l time of male hamsters. The 
range of thos e with n ormal cycles wa s five to eleven days and 
of t h ose animals with ext ended mete s trus it wa s nine to s even-
te en days after adrenalectomy. No animal without extended met-
estrus s urvived b ilateral adrenalectomy longer than eleven days. 
Discussion 
Sisson and March (1 9 35) concluded that fema le rats live 
sli ghtly longer than ma les a fter b ilateral actrenal e ctomy, but 
the dif ference was not signific a nt. They also concluded that 
the a g e of the anima l was much more significa nt t han sex since 
both males and females survive adrenalectomy longer as the a nima l 
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grows older. The res ults of my experiments indica te tha t 
with in a. range of 8-25 weeks the a ge of the ma le hamster is 
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not correlated with survival time after bilat eral adrenalectomy. 
Howeve r, since females lived much longer than ma les, the sex · 
of the hamster appears to be h i ghly sign h icant in the time 
of survival. 
Tt.te phenomenon of ex tended survi val time of the female 
hamster can be attributed to the presence of some secretion 
of the ova ry, since adrenalectomized-ovariec~ omized animals 
had thet s ame length of survival as males. Of the two main 
types of ovaria n hormone s it would be expected that proges-
terone would be the one most likely to replace, at least i n 
part, the secreti ons of the a drenal cortex. The chemical struc-
ture of progesterone and that of the adrenal cortical steroids 
are strikingly similar (Hawk, Oser, and Sunnnerson 1949). 
Emery s.nd Grew (1940) found that both desoxycortocosterone 
aceta te (DOCA) and progest erone had the same eff ect on the 
growth curves and survival of adrenalectomized rats. The 
finding of ex tended metestrus in many fema le h amsters after 
bilatera l adrenalectomy, with significa nt lengthening of sur-
vival time in comparison to the male and to those females with -
out extended mete s trus, likewis e indica tes that the essential 
factor is progesterone. According to Ward (1946) and Kent and 
.-. Libe.~man (1947), who did n ot agree at all time s with Ward's 
description of the hamster's estrus cycle, but whose f i ndings 
were close enough to be considered confirmatory of the former 
24. 
investigator, the vaginal metestrus corresponds to the phase 
in the ovarian cycle when the corpora lutea are highly active 
or just beginning to decline in activity. 
In order to test the validity of the above obs e rva-
tions i.n the present experiments, normal females were sacrificed 
when in various phases of the ovarian cycle and their ovaries 
prepared for sectioning. Histological study disclosed that 
only ov·aries of females sacrificed when in metestrus had sev-
eral active corpora lutea (Fig. 12), confirming the observa-
tions of Ward (1946) and Kent and Libe.rman _, (1947). Adrenal-
ectomized-ovariectomized animals were injected with daily doses 
of 0.8 mg. of progesterone in order to note the effect on sur-
vival time. The exogenous progesterone maintained the doubly 
operated animals for an indefinite length of time with their 
growth curves remaining normal (see page39 ). This observa-
tion is in agreement with the results reported by Emery and 
Greco ( 1940). 
Wyman (1927) found that adrenalectomized female rats had 
an extension of the diestrus phase of the vaginal cycle accom-
panied by a cessation of ovulation. Corey and Britton (1934) 
found that adrenalectomy of the female rat caused complete sup-
pression of the estrus cycle. Both - of these effects on the 
estrus cycle of the rat were explained on the basis of a dis-
turbance of the metabolism of the animals which then acts either 
directly on the ovary or through the pituit8ry-ovary axis. I 
do not .feel that extension of metestrus of the female hamster 
1--
Figure 12. Photomicrograph of a section of an ovary 
of a female, 10 weeks old, in metestrus, XlOO. 
Only one corpus luteum can be ~ seen in the upper 
left-hand quadrant. 
25. 
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after bilateral adrenalectomy can be explained on the basis 
of disturbed metabolism. Two possibilities may be suggested 
as to the cause of this lengtheni ng of metestrus. First, a 
pseudo--pregnant condition is brought about by opera tive stim-
ulation of the ova ry or by cervical stimula tion resulting from 
the taking of vagina l smears. Second, there is some specific 
hormona l disturbance. Operative stimulation of the ovary can 
be ruled out, bec .::.. use the a drenalectomy pr ocedure did not · 
involve: the ova ry in any manner. Five females were adrenal-
ectomiz;ed and vaginal smears wer e omitted from the post-oper-
ative routine in order to check the effects of cervical stim-
ulation. The mean survival time of these animals was 13.8 
days, which is significantly dif'ferent from that of males. 
Apparently the beneficial action of the ovary is not initiated 
by some external mechanical stimulus.. This leaves .Some spec i -
fic hor~onal mechanism as the cause, and this will be dis-
cussed at some length later in this paper (page33 ). 
Several questions are raised by the results reported 
above. Why is there a longer survivaltime of those females 
14 weeks and older in comparison to those 12 weeks and younger? 
Why does a grea ter percentage of the older animals exhibit an 
extended metestrus ? Furthermore, why don t t all adrenalec-
tomized f'emales have extended metestrus? Are these phenomena 
merely an effect of advancing age or are they due to some more 
specific phenomenon? If the extended survival t ime was dwl.e 
only to age this effect should be seen in ma les as well as in 
27. 
female::~. This is not the cas e and therefore a more specific 
caus e must be found. 
Ovaries of normal females in mete s t rus of all age grours, 
from 8-·25 weeks of a c!;e , were sectioned and studied for morpho- · 
logical and cytological differences. In the few animals studied 
the ovaries of older fema les (Fig. 13) had more active corpora 
lutea than those of the younger animals (Fig. 12). This ob-
servation is in ag:fieement with the work of Rolle and 
Charipper (1949), who studied the effect of advancing age on 
the ovaries, uterus, and vagina of the female hamster. The 
following chart is taken from their publication and excludes 
all animals older than the ones used in my experiments. 
Mos. c•f 
age 
1 
2 
3 
4 
6 
No. of 
animals 
5 
5 
5 
5 
5 
Follicles (av/ovary) 
norm. atretic 
38.0 
42.6 
42.8 
43.2 
45.6 
17.4 
17.2 
11.6 
16.4 
21.4 
Total 
57.4 
59.8 
54.4 
59.6 
67.0 
Corp. Lut. 
2.4 
3.0 
4.8 
8.8 
6.6 
Their data indicate that although the total number of 
follicles remain fairly consta nt tD~oughout the first four 
months of the life of a female hamster, there is a sharp in-
crease in the average number of corpora lutea between the 
third and fourth months. Signi.ficantly this sharp rise 
in the number of corpora lutea comes about at the same 
Figure 13. Photomicrograph of a section of an ovary of 
a female hamster, 16 weeks old, in metestrus, XlOO. 
The entire right half of the section is occuppied 
by two large corpora lutea. 

age when there is a marked increase in the survival time of 
the female after adrenalectomy. Therefore there ~ppears to 
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be a gradual maturation of the end organ (in this instance the 
ovarian tissue) until, at three to four months, the ovary is 
highly receptive to hormonal stimulation, which would be the 
hypophyseal gonadotropins in this case. 
This concept of increased reactivity of the ova ry with 
a resulting increase in the mumber of corpora lutea would 
serve to explain the differences between the main age-groups 
of adrenalectomized hamsters. The increased number of cor-
pora lutea suggests that there must also be greater amounts 
of circulating progesterone. Since progesterone is known to 
be efficacious in the maintenance of adrenalectomized hamsters 
(page ), it is logical to assume that the more progesterone 
secreted by an animal the longer survival following adrenal-
ectomy. Likewise, the differences in survival time of 
the younger females (Fig. 10) with either normal cycles or 
extended metestrus from those of the older females (Fig. 11) 
and from those of the males (Fig. 6) would be expected. That 
the survival time of females under 12 weeks old with normal 
cycles is not significantly different from that of the males 
can also be explained by this concept; the. smaller number 
of corpora lutea of this age group does not se crete enough 
progesterone in the limited time of one or two normal cycles 
effectively to maintain the animal. 
30. 
The question remains as to why more of the older females 
exhibited an extended metestrus than those in the younger age 
groups. Since direct experimental evidence is lacking, only 
an hypothesis can be advanced in explanation for the phenomen-
on. If, as appears to be the case in the older fema les, the 
hormonal interaction between the gonads, adrenal cortices, and 
the anterior pituitary is at a high level, then a variation 
in any of the contributing factors would be more likely to lead 
t0 a disturbance of the overall pattern and differences in the 
observable physiological phenomena. That is, where here the 
ovaries of the older females appear to be more receptive to 
the stimulation of the gonadotropic hormones, they are probably 
more sensitive to any change in the hormonal environment. 
Therefore, the removal of the adrenal cortices with the resul-
tant decrease in the amount of cortical hormone and a possible 
consequent release of more gonadotropic hormone would be more 
likely to effect the activity of the ovaries of the older ani-
mals. 
The fact that only some of the adrenalectomized females 
had extension of metestrus is puzzling. Individual vari~on 
in hormonal responsiveness coupled with gradual maturation o£ 
the ovary may be suggested as a possible explanation. As is 
shown in Figure l6a, the ovary becomes more responsive to the 
effect of adrenalectomy as age increases, even if extended 
metestrus did not occur. It is possible that the ovaries of 
a particular animal had not reached that level of activity 
necessary for extended metestrus. 
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Proposed Mechanism for the Extended Metestrus 
of Adrenalectomized Females 
Peczen ik (1944) observed that the size of the a drenal 
cortex of the female hamster varied with the phase of the 
estrus cycle. The cortex rea ched its grea test size, about 
33. 
equal to that of the male, when the female was in the metes-
trus phase of its estrus cycle. The hormonal pattern can be 
shown schematically, as follows: 
Diagram I 
FSH - Follicle-stim~lating Hormone 
LH - Luteinizing Hormone 
ACTH - Adren ocorticotropic Hormone 
ACH - Adrenocortical Hormones 
The interrelationships between the adrenal cortex and 
the anterior pituitary were reviewed by Sayers and Sayers 
(1949). Anterior pituitary-ovarian interrelationships have 
been reported by many investigators, among whom were Greep, 
van Dyke, and Chow (1940), Astwood (1941), Meyer and Biddulph 
(1941)' 
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Chow (1943), Fevo1d (1943), Fraenke1-Conrat, Li, and Simpson 
(1943), and Hel1baum and Greep (1946). The hormonal interrela-
tionships during the various phases of the estrus cycle of the 
rat have been summarized by Turner (1948). 
Metestrus (with active corpora lutea) of the normal hamster 
would cease when the concentration of progesterone reached a 
high enough level to inhibit the secretion of LH from the 
anterior pituitary. Decrease in the concentration of LH would, 
in turn, cause the corpora lutea to degenerate. 
Now the hormonal pattern existing in the metest r us phase 
. 
of the estrus cycle of an adrenalectomized female hamster can 
be schematically represented as follows: 
Diagram II 
..... - ...... 
f I 
• t 
- '!.. .. - ....... . 
All the hormonal factors in Diagram I are found in Diagram 
II with the exception of the ACH (adrenocortical hormones). 
Since the size of the cortex of the female hamster is ordinarily 
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its greatest when the animal is in metestrus, it would follow 
that the amount of ACH secreted would also be greatest at that 
time. The increased amounts of ACH would augment the in-
hibiting effect of the increased amount of progesterone upon 
the anterior pituitary and thereby cause the ovary to enter 
into the next phase of its secretory cyele. In the adrenalec-
tomized female this augmentation of the effect of progesterone 
by ACH is lacking. Therefore, the physiological end result 
is the extension of metestrus i n such operated animals. 
Indirect evidence in support of the concept stated above 
is the finding of Zarrow, Hisaw, and Bryans (1950), that DOCA 
was converted to progesterone in vivo. Although it is not 
definitel~- knwon whether the adrenal cortex actually secretes . 
DOCA, it is felt that DOCA or some clowely related compound is 
secreted by the cortex (Adrenal Cortex 1950). Furthermore, 
Issacson (1949) demonstrated that desoxycorticosterone acetate 
has a definite progestational effect on the hamster. He was 
able to produce psychic estrus in ovariectomized hamsters by 
administration of estrone for six nights followed in twenty-
four hours by one milligram of' DOCA. The female permitted 
copulation after the treatment described above. In addition, 
the upper vagina, cervix, the body and the horn of the uterus 
exhibited progestational proliferation. 
Another mechanism may be suggested, namely, that the adreno-
cortical hormones inhibit LH secretion as well as secretion of 
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ACTH by the pituitary. Thereupon, removal of adrenocortical 
hormones would release the secretion of LH, the reby causing 
an extension of metestrus. Perhaps, the observed phenomenon 
of extended metestrus after bila teral adrenalectomy of the 
fema le hamster is the r e sulta nt of the two processes discussed 
above. 
EFFECT OF STEROIDS ON THE 
SURVIVAL TIME 
37. 
The surviva l time of male and fema l e hamsters following 
b ilateral adrena l ectomy has be en re ported above. In the n ext 
series of experiments, the effect of various steroid s on the 
surviva l time a n d body weight of t h e hams ter f ollowing bi la-
teral adrenalectomy was studied. It was ho ped that this t ype 
of experiment woul d f urther elucida te t he complex prob l em of 
the interrelation s h i p s between the g onads and the adrenal 
cortex of this s pecies. 
Methods 
A preliminary series wa s run so that the dosa ge of the 
various h ormones could be determined. It wa s necess a ry to 
in j ect a t leas t 0.5 mg. of Lutocylin (proges terone) or 1.0 mg . 
of Percorten (DOCA ) or desoxycortic osterone glucoside ( DOCG) 
daily to maintain the body wei ght of a drenalectomized males 
or a drenalectomized-ova riectomized females. In all furt her 
experiments, the dos ages were increased to 0. 8 mg . of proges-
te r one and 2.5 mg . of the cortic oids daily so tha t n ormal 
grovvth would continue. Moreover, it wa s felt tha t the l arger 
dosages would present gre dter histolog ica l c hanges i n the 
anterior pituitary if an y were to be s e en. 
The next serie s of anima ls were divide d into five experi-
ment a l groups. All fema l es used were adrena lectomi z e d and 
ova riectomized i n order to remove t he va r iable s i n troduc ed 
by the presence of the ovary. 
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Thi next series of ani m0 ls we r e divided into five experi-
mental groups. All fema les used were a d r enalectomized a nd 
ovs.r iecton1ized i n o rd r.~ r to c-emove the v ::~ r iables introduced by 
the presence of the ovary. 
Group_~ - Twenty-one fema les ranging in a ge from eight 
to twenty weeks were given d a ily subcutaneous injections of 
0.8 mg. of progesterone for seven days. The first injection 
was administered immedi a tely after the opera tive procedures 
and the last on the sixth post-opera tive day. 
Two females were give n dai l y injections of proge sterone 
for thi r ty days. 
Group 2 - Fourteen females with t he s~me age r a nge as t~ 
first group were given seven subcut a neous injections of 2.5 
mg . of DOC A, starting on the da y of opera tion. The trea tment 
was continue d for thi r ty days in the ca se of three a nimals. 
Group 3 - Seven females were given seven doses of 2.5 mg. 
of desoxycorticosterone glucoside (DOCG) subcut a neously. 
Trea t ment began immediately a fter the operation a nd continued 
until the sixth po st -oper~ tive day . 
Grou_p __ 4 - Seven ma les were bila tera lly a drenalectomiz e d 
a nd t h en were given da ily subcutaneous injections of 2.5 mg. of 
OOC.A for seven days, beginning on the day of operation. 
Gro~~-~ - Five males were tre a ted with 0 .8 mg. of proge~ 
terone d a ily for six d a ys after adrenalectomy. A sevent y in-
jection had qeen given:·on the day of opera ti on. 
A few animals of each of the groups were sacrificed on the 
seventh day after opera tion and their pituitaries prepared for 
histological study. 
Results 
Group 1 - The range of survival time of adrenalectomized-
ovariectomized females treated with progesterone for seven days 
was fourteen to eighteen days. As is shown in Figure 14, the 
body weight of the animals in this group increased steadily 
until the second day after the last injection, or the eighth 
post-operative day. On the ninth post-operative day the body 
weight decreased sharply and continued to do so until the death 
of the animal. 
Those aninnls treated for thirty · days had a steady increase 
in body weight. 
Group 2 - Adrenalectomized-ovariectomized females treated 
with DOCA for seven days survived from seventeen to twenty d~ys 
after the operation. After an initial decrease, the body weight 
of these animals increased until it reached a maximum on the 
twelfth post-operative day, six days after the last injection 
(Fig. 15). 
The three animals treated with DOCA for thirty days dis-
pla y ed a great increase in body weight (40 grams). 
Group 3 - Animals of this group survived adrenalectomy-
ovariectomy for eleven to thirteen days. The mean body weight 
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of' the DOCG·. treated females just reached 2 grams above the 
original body weight on the seventh post-operative day, the 
day after the last injection. From the seventh post-operative 
day until death, the body weight of these animals decneased 
markedly {Fig. 16). 
Groups 4 and 5 - The survival times and the body weight 
curves of males treated with DOCA or progesterone were 
similar to those of the adrenalectomized-ovariectomized 
females treated with the respective steroid. 
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Discussion 
The f'inding that DOCA was able to protect the adrenal-
ectomized hamster ls in agreement with the re sults reported 
by Steiger and Reichstein (1937), Grollman (1939), Harrison 
and Harrison {1939), Emery and Greco (1940), and Eversole 
(1945), all of' whom worked with adrenalectomized rats. Like-
wise, the f'inding that progesterone was able to maintain adrenal-
ectomized hamsters is in agreement with results reported f'or 
the rat {Fischer and Engel 1938, Gaunt, Nelson, and Loomis 
1938, Greene, Wells, and Ivy 1939, Emery and Greco 1940). 
The amount of' DOCA . given varied greatly in the dif'f'erent 
investigations, but not in proportion to body weight. However, 
the amounts of' progesterone given were not comparable even if' 
the body weight is taken into consideration. Schwabe and 
Emery (1939) used 1.0 mg. of' progesterone daily to maintain 
their adrenalectomized rats of the same weight. The va riance 
might be due to the characteristics of' different colonies. 
That there probably is a species diff'erenc·e is suggested by the 
work of' Gaunt and Hays (1938) who :round that 2.0 mg. of' 
progesterone was needed to maintain adrenalectomized ferrets. 
The absolute amount of DOCA necessary to keep both the 
rat and hamster alive af'ter adrenalectomy appears to be the 
same. However, the absolute amount of progesterone needed to 
protect the hamster {0.5 mg.) is one half the smallest dosage. 
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benefiting the rat. Emery and Greco (1940) suggested that 
there is a one to one relationship between DOCA and progester-
one, that is, the same amount of either st~roid will cause the 
same weight increases in r a ts of compara ble body weight after 
adrenalectomy. This was not the case i n the maintenance of 
the hamster after adrenalectomy, because it was necessary to 
use 1.0 mg. of DOCA and only 6.5 mg. of progesterone. 
Comparison of the effectiveness of DOCA and DOCG in 
maintaining the adrenalectomized hamster shows that DOCA is 
almost twice as effe ctive as the water soluble corticoid. 
Both the increase in body weight and the length of survival 
was greater iri the DOCA treated animals (Fig. 15 and 16). In 
addition, the acetate dissolved in sesame oil had a beneficial 
effect that lasted for six days after the last injection, while 
the glucoside dissolved in water had a beneficial effect for 
only one day after the last injection. These results in the 
hamster are comparable to those obtained in rats (Cosmos, Duell, 
and Gaunt 1949). 
Although the dosage of progesterone was about one third 
that of both DOCA and DOCG, the effectiveness of theformer 
steroid in maintaining the adrenalectomized hamster was only 
slightly less than that of DOCA and greater than that of DOCG 
(cf. Fig. 14, 15, and 16). 
The fact that hamsters require less progesterone than do 
rats for increased survival time after adrenalectomy may be a 
factor in the greater sex difference in the survival time of 
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the hamster. Assuming that the increased amounts of progesterr 
one secreted by the adrenalectomized female rat and hamster 
are relatively equal, and sufficient to affect an increased 
survival ~ in the hamster, it would be necessary to have twice 
that amount for increased survival in the rat. Thus, there 
is little disparity bet ween the survival times of male .. and 
female rats, whereas there is a significant difference in the 
hamster. 
In my investigation, progesterone was shown to have at 
least some of the properties of the adrenocortical hormones. 
In addition, it was shown that the hamster is very sensitive 
Figure 16b 
POSSIBLE ANTERIOR PITUITARY-GONAD-ADRENAL CORTEX 
INTERRELAT IONSHIPS I N THE HAMSTER 
The width of the lines is proportional to the concentration of hormone in 
the body fluids. The dashed lines represent the possible pathways of the adreno-
cortical hormones· (Sayers and Sayers, Adrenal Cortex 1949). The dotted lines 
represent the possible pathways of the secretions of the gonad. The plus and 
minus s ymbols indicate the effect of t he hormone on the secretion of the end 
organ. 
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to this steroid. Therefore, it is a distinct possibility that 
the ~ndogenous secretion of progesterone by the female ham-
ster estab lishes a lower level of demand for the secretion of 
the adrenal cortex. This decreased demand would logically 
result in smaller size of the gland. Again, the effect of 
progest e rone may be carried out through either or both of the 
pathways shown in Figure 161P. 
Contrary to this hypothesis is the w:ork of Peczenik 
(1944), who demonstrated that the si '. e of the female cortex 
is greatest when the animal is in metestrus (at which time 
there is the greatest secretion of progesterone). If pro-
gesterone inhibits the secretion of ACTH, the cortex should 
have b een at its smallest size. However, this difference may 
have been due to a time lag in the effect of progesterone. 
The sex dimorphism of the size of the adrenal cortex of 
the rat (Fig. lfu·) is the reverse of that of the hamster. 
Gonadectomy of the rat equalizes the size of the a drenal, 
that of the male increasing in size to that of the J'emale . 
(Parkes 1945). In the rat, the female is the neutral con-
dition for gonadectomy has little effect on the adrenal. 
The action of androgen. is inhibitory on the secretion of 
ACTH (Parkes 1945). ~ny androgen has different effects in 
the two species must be left for future investigation. The 
difference in the a ction of progesterone, however, may b e 
explained b y a species diff erence in sensitivity (discussed 
above). 
Figure 16c 
POSSIBLE ANTERIOR PITUITARY-GONAD-ADRENAL CORTEX 
INTERRELATIONSHIPS IN THE &~T 
The width of the lines is proportional to the concentration of hormone in 
the body fluids. The dashed lines represent the possible pathwa ys of the adreno-
cortical hormones (Sayers and Sayers, Adrenal Cortex 1949). The dotted lines 
represent the possible pathways of the secret i ons of the gonad. The plus and 
minus s ymbols indicate the effect of the hormone on the secretion of the end 
organ. 
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THE EFFECT OF ADRENALECTOM¥ ON THE 
ELECTROLYTE BALANCE 
51. 
Since a difference in the survival time of the male and 
female hamster after bilateral adrenalectomy has been established, 
a study of the electrolyte balance after adrenalectomy was 
init i ated .• _ It was hoped that a physiological difference be-
tween the male and the female would be demonstrated. 
Me;t,hods 
All animals used in the followin g series were bilaterally 
adrenalectomized by the technique described on page 5. 
In the first series twenty males ranging in age from 8 
to 20 weeks were pla ced on a diet of Purina Lab Chow and a one 
per cent salt solution (0.5 per cent NaCl and o.s per cent Na 
Citrate) ad libitum immediately following adrenalectomy. The 
body weight and survival time of all the animals were recorded. 
In all subsequent series the animals were placed in 
metabolism cages (Fig. 17) so constructed that the urine and 
feces would not mix (a modifica tion of the small animal cage 
described by Harned, Cunningham, and Gill 1949). Both blood 
and urihe samples were taken for further analysis. The urine 
was collected in flasks containing toluene, in order to keep 
the evaporation factor at a minimum. All samples analyzed were 
from aliquots of twenty-four hour excretions. Blood was 
obtained by exs~~guinatirig the animal, the serum fraction being 
used for all electrolyte analyses of bl~od. 
Figure 17. Photograph of the small animal metabolism cage 
used for collection of urine. Within the large glass 
funnel are an inverted tin cone and a smaller glass 
funnel. 
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Both types of' biological f'l uids were prepared ·f'or analy-
sis by mizing 0.5 ml. of the sample with 1.0 ml. of' lithium 
carbonate and then diluting to the mark of a 100 ml. vol't.unetric 
flask with distilled water. The diluted sample was then ana-
lyzed for both sodium and pota ssium by the use of' a f'lame 
photometer, all concentrations being reported in mEq. per liter. 
Urine samples from ten normal males and from ten normal 
females were analyzed f'or sodium and pota ssium in order to 
establish a base line for the excretion of' the two electro-
lytes. Likewise, serum samples f'rom f'ive normal males and 
from five normal females were analyzed. 
Ten males were bilater~lly adrenalectomized and their 
urine collected continuously until death. In addition, twenty-
four males were adrenalectomized and then f'our were sacrificed 
each day from the first to the sixth post-operative day, serum 
and urine samples being collected f'rom all animals. 
Five males were adrenalectomized and then given a one 
per cent sodium solution as drinking water. Urine samples were 
collected daily until the death of' the animals. Twelve ·~.males 
were adrenalectomized and then given the high-sodium drink-
ing water. Four of' this group were sacrificed on the second, 
fourth, and sixth post-opera tive days in order to obtain serum 
for analysis. 
Sixteen females were bilaterally adrenalectomizec;I, of 
which four were sacrificed on the second post-opera tive day, 
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four on the fou r th post-opera tive da y, fou r on the sixth post-
opera tive da y, a nd four on the ei ghth post-ope r a tive day . 
Serum s amples were taken from a ll t h e a nima ls in t his s eries. 
Two t wenty -four hou r u;rine samp les were t a k en f r om e a ch a nima l. 
The co l lect ion of t h e u r ine wa s b e gun forty-eight hou~ s pri o r 
to the s a c r ificing of t h e anima ls. 
Nineteen ma les we ~e sham-operat ed in or d er to obse r ve the 
effect of the op e r ·::. t ion on the sodium a nd p ot a ssium b a l ance. 
Four of t h is group we re s a c~ificed on t h e fi r st, s e cond a nd 
t h ird da ys a fter the opera tion, wh ile seven were sacr ificed on 
the seventy d a y after the op e r a tion. 
The effect of DOCA wa s studied in five norma l males a nd 
ten b ila te ra lly ad~ e ne lecto,.n i zed ma le hamste r s. Each a nima l "'as 
g iven a t ot a l of 8 mg . of ID Cil. divided i n to f our d a i Jy doses. · 
All injectio ns 'Ne r e g iven subcut a neously in the ba c k of the :rro k . 
Twenty-four h our urine s amp les we r e t aken f r om a ll anix a ls • . On 
t h e fourth day a ft er t h e operation t h e adre na lectomized a nima l s . 
we~ e s a c r if i ced on t h e f our t h day a fte r t h e fi r st i n jection ~ 
DOC A. Sodium a nd p ot a ssium ana l y s e s we~e d one on both t h e u r ille 
a n d serum s a mp les. 
Resul t s 
Th e sur viva l t ime of t we n t y bila tera lly a drena lectomized 
ma le hamste~ s given a one per cent s a lt so l ution (Fi g . 18) wa s 
not si gnificantJ.y diffe rent from t h e sur viva l t i me of ma les 
given t s p wa ter. The r a n ge of surviva l bf those ani ma ls given 
t h e hi gh sodium d rin king water was fro~ fou~ to eleven da y s. 
The me a n sur vival time wa s 7.4 days with a s t a ndard devia tion 
of 1. 8 days. Body we ight of ani ma ls of this se r i e s dec r e a sed 
sharp ly a nd stea di l y until dea th. 
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of serum sodium on t he t h ird day after a drenalectomy was 
seventy-seven per cent (132 mEq.) of the established noFmal 
mean. From t his low p oint the s e rum sodium rose steadily 
until it was nea rly normal on the sixth p ost-oper a tive day. 
It should b e pointed out that all anima ls in t h is s eries died 
from adrenal insufficiency by the seven t y p ost-opera tive day. 
The excretion of sodium by t h e adrenalectomized male 
hamste r was plotted as a diphasic curve (Fi g . 19). Excre-
tion of sodium rea ched one hundred fifty-ei ght per cent 
(170.5 mEq.) of normal on the second day after adrenalectomy. 
On the sixth p ost-operative day the peak of the sec ond phase 
was reached, eighty-two per cent (78 mEq.) of the normal mean. 
The titer of serum sodium did not reflect the changes in 
t h e amounts of sod ium excreted in the u~ine until twenty-four 
hours l a ter. If t h is time lag is taken into considera tion, 
it may be s a id that there was an inverse p roportion betwe en bhe 
levels of serum sodium and urine sodium af'ter adrenalect omy. 
Ther e was · an apparent r e t ention of potassium in the male 
hamster f ollowing bil ater a l adrenalectomy (Fig. 20). In the 
first three days after the operation, the titer of the serw11 
potassi~un rose sharply to two hundred and twelve per cent 
(18.0 mEq.) of the mean normal. Thereafter, the s e rum p otas-
sium rose slowly, reaching 19.5 mEq. per liter or two hundred 
and twenty-five p e r cent of normal on the sixth p ost-opera tive 
day. 
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The excretion of p ota s si um by the adrenalectomized male 
hamste r inc r e a sed markedly in t h e first t wenty-four hours a fter _ 
the opera tion. During the next twenty-four hour s, potassium 
excr etion was nea rly nor mal. From the s e cond p o s t-operative ffi y 
until death the exc r etion of pot a ss i um d e c r e a sed stea dily. 
The tite r of u r ine p ota ssium of adr-ena lectomized males was e i ghty-
ei ght per cent (118.0 mEq.) of norma l on the seventy post-ope r-
ati ve day. 
The electrolyte levels of the s ham~operat ed anima ls paral-
led tha t of the adrena lectomi z ed ma les, except t ha t i.n this goup 
the p ot a ssium l evels r eturned to norma l by t h e seve ntp post-
operative da y (Ta ble II). 
Elegtrolyte Level~ of Adre~alectom ize~ 
- - - - :rv-ra:re-s·-a:rven sa1-ine- S"61 utio--n - -
All anima ls of this group died from adr enal insufficien~y. 
The serum sodium of the adr enalec t omized ma les given a one per 
cent sod ium sloution for drinking water r emained in the normal 
r a n ge f or the fi r st forty-ei gb t . hours a f t e r the oper ti on (Fi g . 
21). During the n ext fo r ty-ei ght h ou r s the level of t he Be rum 
sodium of t h e ani~a ls in th is se r i e s drop pe d to a me a n of 
150 mEq. per liter (87 p e r · cent), which wa s somewhat below 
tha t of norma l a nimals ( me a n of 172 mEq . per lite r ). The 
level of serum sod i u m of trea ted anima ls a t t h is st a ge of adre-
nal insufficien cy wa s a lmost exa ctly t hat of non-trea ted adr enal-
ect om ized ani~al s. As had b e en observed i n the n on-t r eat ed 
a dre nalec t omized a nima ls, the tit e r of se r um sodium of the treat-
ed a n i mals rose s t e a dily a fter t h e fou r th post-op e rati v e day . 
The titer of serum sodi um of the fo rmer group had just r e a c h ed 
the norma l r a n ge by the sixth post-op e r ative day , but t h e se r um 
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sodium of the latt er group was somewh~t above the normal range 
by the sixth post-operative day. 
The excretory curve of sodium by those adrenalectomized 
animals with a hi gh sodium intake was simila r to that of the 
untreated animals. The urine sodium of the former group 
reached a peak of t wo hundred ninety per cent (310 mEq.) of 
normal on the second post-operative day (Fig. 21). Thereafter, 
the daily output of sodium decreased until it reached t wo 
hundred per cent (200 mEq.) of normal on the seventh da y after 
the opera tion. Unlike that of thcl untrea ted adrena lectomized 
males, the excretion of sodium by this group did not go below 
normal at any time. 
As in the untreated group, the serum potassium of this 
group rose sha r ply in the first -48 hours following adrenal-
ectomy (Fig. 22). Again, as had occurred in the first group, 
the serum potassium rose slowly during the next four days 
until it reached 20 mEq. per liter (235 per cent of the 
normal mean) on the sixth post-c;:>pera tive day. 
The excretion of potassium of the tre a ted group (F'ig. 
22) also paralleled that of the untrea ted group. It rose 
above normal to 194 mEq. per l i ter in the first twenty-four 
ho urs a f ter adrenalectomy . In the next forty-eight hours, 
the amount of potassium excreted in the urine fell sharply, 
re a ching 54 mEq. per liter (40 per cent) on the third post-
operative day. Thereafter, the excretion of potassi um remained 
well below normal, indicating a definite retention of potassium. 
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The titer of serrun sodium of the adrenalectomized females 
decreased slightly i n the first forty-eight hours following 
adrenalectomy (Fig. 23). During the next six days in which 
the adrenalectomized aninmls we re followed the level of serum 
sodium remained at a constant level, slightly below n ormal. 
In contrast to the excretion of sodium by adrenalectomized 
males, the excretion of sodium by the · adre nalectomized females 
decreased sharply surin g the first forty-eight hours after the 
opera tion (Fig. 23). The level of excreted sodium decreased 
gradually in the next six days. On the eigth post-operative 
day the level of sodium in the urine of the adrenalectomized 
females was only fifty-five per cent of that of the normal 
mean. 
The pattern of the serum p otassium levels (Fig. 24) of the 
adrenalectomized females was similar to that of the adrenal-
ectomized males, both those given · tap water and those given a 
high sodium drinking water (cf. Fig. 20 and Fig. 22). In 
the first forty-eight hours after the operation the level 
of serum potassium rose sharply. Gradually increasing, the 
titer of serum pot assium of the adrenalectomized females 
rea ched 19 mEq. per liter (204 per cent of the normal mean) 
on the eighth post-operative day. 
The excretion of potassium by the adrenalectomized females 
(Fig. 24) was not comparable to that of the adrenalectomized 
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males (cf. Fig. 20 and Fig. 22), in that the first two days 
after operation were mark ed by a rapid decrease in the amount 
of potassium excreted. Thereafter, the excretion of potassium 
by the females was similar to that of the males. It remained 
well below the normal mean. Once again, the results indicate 
a definite potassium retention after adrenalectomy of the 
hamster. 
The Effect of DOCA on the Electrolyte Levels 
of Male Hamsters 
After four injections of 2 mg. of DOCA, the serum 
sodium levels of both normal (170 mEq.) and adrenalectomized 
males (174 mEq.) were not significantly different from that 
of untreated normals (172 mEq.). However, the serum sodium 
of the treated adrenalectomized animals was considerably 
higher than tha·t of untreated operated animals, at the same 
time after the operation (cf. Fig. 19). 
The excretion level of sodium by the normal animals injec-
ted with DOCA was the opposite of that of the treated adrenal-
ectomized animals. The urine sodimn of the normals injected 
with DOCA was below the normal mean in the twenty-four hours 
following the first injection. After the second injection, 
.. 
the excretion of sodium rose above the normal mean and re-
mained at the same l evel until the animals were sacrificed. 
On the other hand, the excretion of sodium by the adrenalec-
tomized animals treated with DOCA was below the normal mean 
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throughout the course of the experiment. The last observation 
is opposite to that noted in untreated adrenalect omized (Fig. 
19). 
The serum potassium of those normal animals treated with 
DOCA remained the same as untreated norrr~ ls (8.5 mEq.). How-
ever, the serum potassium of the adrenalectomized animals at 
18 mEq. per liter (212 per cent) was above the normal mean. 
The serum potassium level of 18 mEq. per liter was not sig-
nificantly different from that of untreated adrenalectomized 
animals, · on the fourth post-operative day. 
Excretion of potassium by the treated normals increased 
stea dily during the length of the experiment, being above the 
normal mean at all times. The excretion of potassium of the 
trea ted adrenalectomized animals paralled that of untreated 
adrenalectomized animals. It rose above the normal mean for 
the first two days after the operation and beginning of 
treatment, then fell b elow normal on the third and fourth 
post-ope rative days. 
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Discussion 
Soddu (1898) was able to dem!)nstra te an increase in the 
survival time of adrenalectomized dogs after treatment with 
isotonic saline solution. Since then, many investigators have 
prolonged the survival ti~e of adrenalectomized animals by 
giving them drinking water with a high sodium content. 
Schultzer (1936) and Richter (1936) found that a high sodium 
intake considerably lengthened the survival time of adrenal-
ectomized rats. Wyman and his co~workers in this laboratory 
have successfully maintained adrenalectomized rats with a one 
per cent solution of sodium chloride and sodium citrate. 
In the present investigation, a high sodium intake did 
not benefit adrenalectomized hamsters, either in lengthening 
their survival time or maintenance of their body weight. 
Possibly the adrenal cortex of the hamster has a somewhat 
different function than that of the cortex of the rat. How~ 
ever, . the data accumulated in the study of the rat is not en-
tirely without contradiction. Weiser and Norris (1939) found 
that there was an pptimum environmental temperature for the sur-
vival of adrenalectomized rats with a high salt intake. Re-
cently, Richter, Rogers, and Hall (1950) reported that the 
salt therapy which kept 87 per cent of adrenalectomized domes-
ticated rats alive, kept alive only two per cent or the adrenal-
ectomized wild Norway rats used in their experiment. 
Therefore, any apparent differences between the survival 
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time o~ adrenalectomized rats and hamsters with a high sodium 
intake must be evaluated not only ~rom a possible species 
difference in function of the cortex, but also from disparity 
of environmental conditions. Further laboratory breeding of 
the hamster should answer the question as to whether the 
difference demonstrated in this investigation is due to en-
vironmental co~ditions or to an actual species difference. 
The mean serum sodium and potassium levels of both male 
and female hamsters were found to be higher than that of 
normal albino rats (Harrison and Darrow 1938 and Harrison and 
Harrison 1939). Harrison and his co-workers found that the 
rats in their experimental series had serum sodium values in 
the range o~ 140 to 146 mEq. per liter, . while the serum 
potassium values were in the range of 4.5 to 5.9 mEq. per liter. 
They gave no indication as to whether there was a sex differ-
ence in the serum electrolytes. 
There are no data in the literature pertaining to the 
levels or sodium and potassium immediately after adrenalectomy 
in the rat. Harrison et . al . made their determinations on 
animals having definite adrenal insufficiency. In the 
terminal stages the serum sodium of albino rats decreased 
slightly below that of the normal controls (Harrison and 
Darrow 1938, and Harrison and Harrison 1939). In the ham-
ster, at a comparable stage after adrenalectomy, the serum 
sodium was also only slightly below that of the normal control 
animals. 
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Rubin and Krick (1933, 1936) did not find increased loss 
of sodium through the urine in adrenalectomiz ed rats. Sandberg, 
Perla, and Holly {1937) found that the total urinary sodium 
of a drenalectomized rats was increased, but its unit concen-
tration was markedly decreased. Again, at a comparable stage 
of adrenal insufficiency, the urinary sodium· of adrenalectomized 
hamsters was significantly lower than that of normal animals. 
Sodium and potassium determinations of the serQm and 
urine of adrenalectomized hamsters were done from the first 
post-operative day in order to ob:bain .a more complete picture 
of the effect of adrenalectomy. Although the serum sodium 
levels of the adrenalectomized male and female hamsters were 
only slightly less than normal on the sixth day after the op-
eration, the serum sodium of the males prior to that time and 
the excretion of sodium of both male and female throughout the 
course of the experiment were not normal (Fig. 19 and Fig. 23). 
In the adrenalectomized male there was an initial. fall in the 
serum sodium accompanied by an increase in the urina ry sodium. 
This was then followed by a gradual return to norma l b y the 
_serum sodium, while the urinar1 sodium fell below normal, 
probably in compensation for the initial loss. In contrast, 
the serum sodium of the adrenalectomized females did not fall 
too far below normal at any time, but the amount of sodium 
excreted increased on each successive post-operat i ve day. 
The females used in the experiment were fourteen weeks 
or older and therefore it may be assumed that a large percen-
t age of the group had an extended metestrus phase of their 
ovarian cycles (unvortunagely, vagina l s mear s we re not d on e 
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on this group). If t h is was indeed. the es s e, t h e increa sed 
secretion of progesterone would serve to exp l a i n the differ-
ence t etwe e n the males a nd fema les. Harrop (1937) and Thorn, 
En ge l, a nd Eisenbe rg (1938) demonst rated tha t p rogesteron e was 
able to cause sodium betention. In add ition, Wjman and tum 
Suden (1942 ) found tha t fema le r a ts were able to make more 
r a pid fluid adjustments t han the ma le, with or with out the a dre-
nal . They suggested that this difference was due to the 
presence of the fe ma le sex horm ones. 
Harrison a nd Darrow (1938) found tha t a h i gh sodi uQ int ake 
mAintained the serum sodium of adrenalectomized rats at the 
no rma l l e vel. In 1939, Harrison and Harrison reported t ha t 
h i gh sodium int ake did no t a ffect t he serum sodium of the 
a drena lectomized r a ts used. Anderso n , Joseph a nd Herr ing 
(1940a ) ha ving dete rm ined the optima l a ua ntity of sodium for the 
maintenance of adr enalectomized ra ts , fou nd t h a t there was a 
negat ive sodium b~lance a t first, fo l lowed by a sodium retention 
( Anderson, Joseph a nd Herr ing 1940b). The results of the in"\ffl-
ti gation of the hamste r were not in a greement with those of 
Ande rson and h is co-wo ~ke rs, for the initia l decrease in the 
l evel of se r um sodium in a drenalectomized ham s ter s with a h i gh 
sodium intake , followe d by a r ise a bove t he norma l occurred in 
what was considered t h e ini t ial p e riod in t h e ~at. In a ddition, 
Anderson (1943 ) reported t hat rats on one per c ent NaCl drink-
ing water exc r eted a norma l amount . 
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of sodium, whereas in the hamster the level of urina r y sodium 
remained well above normal throughout the course of the experi-
ment. 
The alteration of the sodium balance of adrena l e ctomized 
hamsters does not a ppear to b e a contrib uting factor to the 
survival of the animals. In the adrenalectomized male des p ite 
the fact that the serum sodium returned to normal, the anima l 
died. The adrenalectomized male with a h i gh sodium intake 
survived no longer than untreated animals, even though the 
sodium level of the serum is maintained close to normal from 
the day of opera tion until dea th. In view of these facts, 
although DOCA maintains the serum sodium level of the adrenal-
ectomized hamster, the ability of DOCA to protect the animal 
must be b ased on some othe r function than regulation of the 
sodium balance. 
The titer of serum potassium of the rat was found to rise 
after adrenalectomy (Harr i son and Darrow r938 and Harrison 
and Harr ison 1939). Many investigators have used the plasma 
fra ction of the blood of rats for their electrolyte deter-
minations (Marenzi 1938, Ingle, Nelson, and Kendall 1937, 
Jordan 1945). They also found that plasma _potassium after 
adrenalectomy was greaterthan in normal r a ts. The rise of the 
serum potassium of the adrenalectomized hamster was much 
grea ter than that reported for the rat. Whereas the blood 
potassium of the rat rose 50 per cent, the serum potassium 
of the a drenal e ctomized hamster ros e 100 per cent b y the time 
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of' death. 
The mechanism for the rise of' potassium is not fully 
understood (Kendall 1948). Investiga tors in the field dif'f'er 
in their opinion as to where or how the electrolyte transfer 
takes pla ce. All that can be said at the present time is 
that the increased potassium must come from the tissues and 
is allowed to build up to a higher level t~~ough a failure of 
elimination by the kidney (Hartman and Brownell 1949). Per-
haps the failure of the elimination of pot a s s ium by the kid-
ney in the adrenalectomized hamster is a sufficient explanation 
f'or the rise in the serum potassium, without considering loss 
of' the electrolyte by the tissues. The fall of urinary potas-
sium in the adrenalectomized hamster was larg e enough for this 
hypothesis to be tenable. 
If' adrenalectomized rats are given a high sodium and low 
potassium diet, the blood potassium can be maintained at 
close to normal levels (Kendall 1948). Harrison and Darrow 
(1938) and Harrison and Harrison (1939) reported that adrenal-
ectomized albino rats maintained on a high sodium diet had 
nearly normal blood potassium concentratioruJ.. More over, the 
excre tion of potassium by adrenalectomized rats, given a one 
per cent NaCl solution as drinking water, was the same as that 
of normal animals (Anderson, Joseph and Herring 1940b, and 
Anderson 1945). In the adrenalectomized hamster, however, a 
high sodium drinking water had no effect either on the serum 
potassium or the urinary potassium. 
The serum potassium or adrenalectomized rats was main-
tained at a normal level by injection or 1.25 mg. of DOCA 
daily (Harrison and Harrison 1939). However, the injection 
76. 
of 2.0 mg . or DOCA daily did not effect the serum pot a ssium of 
adren alectomized hamsters, the electrolyte level remaining 
high above normal. 
It appears that the disturbance in the metabolism of 
potassium in the adrenalectomized hamster is an important 
factor in the development or the symptoms or adrenal insuf-
ficiency. The rise in serum potassium and drop in urinary 
potassium was consistent in all groups, namely, males, females, 
males with a high sodium intake, and males treated with DOCA. 
The ineffectiveness of DOCA in alleviating the disturbance 
of potassium metabolism was unexpected. Perhaps a larger 
dose must be given before any eff ect on potassium appears. 
Another explanation may be that there is some other factor in 
the adrenal cortical complex of the hamster that regula tes 
potassimn exchange. Knowlton, Loeb, Stoerk and Seegal (1947) 
rep orted that the effect of DOCA in adrenalectomized rats is 
very much reduced on a sodium free diet. Therefore, the in-
ability of DOCA to reduce the chang es in potassium levels in 
the adrenalectomized hamster may be due to insufficient in-
take of the sodium salt. 
There is much room for further investigation or the 
contradictory pattern of electrolyte levels in the adrenal-
ect omized hamster. On the one hand, there are the d a ta which 
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indicate t hat the level of sodium is no t an i o pcrtant f a ctor 
in t he surviva l time of t h e adrena lect omi z ed hamster , but that 
the level of pot a ssium is an important factor. On the othe -r· 
hand, DOCA which inc rea se-s the sur viva l time of ad r enalectomized 
hamster , does not appear to affect the pot a ssium bala n c e , but 
a ffect the sodium balance. 
.7.f3, 
SUMMARY 
1. A significant difference between the survival time of 
bilaterally adrenalectomized male and female hamsters was 
observed. The mean survival · time of the male hamster was 6.7 
days, while that of the female was 10.2 days. 
2. Ovariectomy equalized the survival time of the two sexes. 
The survival time of the ovariectomized female was similar to 
that of the male. 
3. Adrenalectomy of the female hamster appe ared to cause an 
extension of the metestrus phase of the ovarian cycle in many 
of the animals. The incidence of extended metestrus was twice 
as great in females fourteen weeks or older as in the younger · 
animals. Since progesterone was a b le to mainta in the adrenal-
ectomized hamster, probably an increased secretion of this 
steroid waused the sex difference in the survival time. 
4. Adrenalectomized females, twelve weeks of a g e or younger, 
survived an average of 10.8 days when they had extension of 
metestrus. Anirr.als of the same age group survived an average 
of 7.6 days, when they did not exhibit extension of metestrus. 
5. Adrenalectomized females, fourteen week s of age or older, 
survived for 13.4 days wh en metestrus was exten ded. Wnen met-
estrus was not extended animals of the same age group survived 
an average of 9.1 da ys. 
6. Daily subcutaneous inject i ons of 1.0 mg. of DOC A. glucoside 
was able to ma intain the adrenalectomized-ovariectomized 
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hamster. Only 0.5 mg. daily or progesterone, injected daily, 
was needed to maintain the doubly operated animals. 
7. Adrenalectomized male hamsters given a high sodium drink-
ing water survived no longer than animals given only tap 
water. 
8. The normal mean serum sodium of the male hamster was 
172 mEq. per liter, while that of the female was 156 rnEq. 
per liter. 
9. Normal male hamsters given Purina Lab Chow and tap water 
excreted an avera ge of 107 mEq. per liter. Females on the 
same regimen excreted an average of 158 mEq. per liter. 
10. The titer of serum potassium of the normal male was 
8.5 mEq. per liter, that of the female was 9.3 mEq. per 
liter. 
11. The mean urinary potassium of male hamsters given Purina 
Lab Chow was 134 mEq. per liter, that of the female was 213 
mEq. per liter. 
12. Adrenalectomy of the male hamster resulted in a fall 
in serum sodium and a rise in urinary sodium during the first 
three days after the operation. Thereafter, the serum sodium 
rose gradually, rea ching the normal level before the death 
of the animals. The urinary sodium .fell from the second 
to th~ sixth post-operative day, then rose slightly just before 
death. Excretion o.f sodium was below normal from the .fifth 
post-operative day. 
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13. The serum sod ium of adrenalectomized male h amsters g ive n 
a high sodium drinking water was nearly normal. The urinary 
sodium of these animals was above that of the controls through-
out the course of the experiment. 
!i• There was a marked fall in the urinary sod ium, with only 
a modera te fall i n the serum sodium of the adrenalectomized 
female haroEter. 
15. DOCA maintained the serum sodium of adrenalectomized male 
hamsters at the level of the control anima ls. 
16. The serum potassium of animals of all groups rose one 
hundred p e r cent or more after adrenalectomy. The urinary 
potassium of all exp erimental animals fell below normal 
following adrenalectomy. 
17. Although DOCA maintained the adrenalectomized hamster, 
it had no effect on the potassium balance. 
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ABSTRACT 
Introduction 
The literature concerning the physiology of the mammalian 
adrenal cortex is voluminous. Howeve r, little has been re-
ported on the physiology of the adrenal cortex of the hamster, 
Mesocricetus auratus. The present investigation of the 
effects of adrenalectomy in the hamster was initiated in order 
that fundamental data such as survival time, electrolyte levels, 
and changes in estrus cycle of the female could be determined. 
Since the golden hamster is being used more and more as a 
laboratory animal, this data would serve as a basis for further 
investigation. All results obtained in the study of the ham-
ster are compared and contrasted to those reported for the rat, 
the most commonly used laboratory animal in endocrinological 
investigation. 
A great many phenomena have been observed by endocri-
nologists which have demonstrated an apparent interrelationahip 
between the adrenal cortices and gonads of mammals. These 
phenomena are so numerous . that Parkes (1945) was forced to 
adopt an artificial classification of these interrelationships 
in order to review the field with some order and clarity. The 
effects of adrenalectomy in the hamster were such that it was 
felt that in this study greater emphasis should be placed on 
the interrelationships between the gonads and the adrenal cortices 
than on any other aspect of the adrenal cortical physiology 
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or the animals. It was hope~ thereby that the mechanisms 
involved in these interrelationships would be rurther elucidated. 
Methods 
The doreolateral approach was employed in all adrenalec-
tomies (Snyder 1948)~ both adrenals being removed in a one-
stage operation. When the ovaries were excised, a dorsolateral 
approach was used also. When both adrenals and ovaries were 
removed the same muscle incision was used ror both procedures. 
All animals were maintained on Purina Lab Chow, ad libitum, 
and tap water, with no special post-operative care being taken~ 
except that the animal room was never below 700 F. Vaginal 
smears were taken daily rrom all remales, starting one week 
prior to operation. Only females with regular estrus cycles 
were ·used in the experimental procedures. 
Seventy-eight males, varying in age rrom eight to twenty-
rive weeks were bilaterally adrenalectomized. Ten males were 
subjected to a blank operation to note the effect of the sur-
gical procedure. Eighty-nine females varying in age fron1 eight 
to twenty weeks, were used. Fifty of these were bilaterally 
adrenalectomized, fifteen ovariectomized and twenty-f'Dur were 
adrenalectomized-ovariectomized. · 
The efrect of desoxycorticosterone acetate (DOCA)~ desoxy-
corticosterone glucoside (DOCG), and progesterone on the sur-
vival time of adrenalectomized-ovariectomized hamsters was 
studied by injecting 1.0 mg. daily of the first two steroids 
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and 0.5 mg. daily of the third. Treatment was discontinued on 
the sixth post-operative day, except in the case of a few 
animals in each group. The experiment was- repea ted with bila-
terally adrenalectomized males. · 
In all subsequent series the animals were placed in meta-
bolism cages so constructed that the urine and feces would not 
mix. Both blood and urine samples were taken for analysis of 
sodium and potassium. The se~um fraction was used for the 
blood analyses. All samples were analyzed by the use of the 
Perkin,~ -Elmer Flame Photometer. 
Determinations of serum sodium and potassium and urinary 
sodium and potassium of normal males and females were made. 
The serum and urine electrolytes of thirty-four adrenalectomized 
males and of sixteen adrenalectomized females were determined 
for e a ch post-operative day. Five adrenalectomized males were 
given a one per cent sodium solution for drinking water so 
that the effect of a high sodium intake on the electrolytes 
could be observed. In addition, the electrolyte levels of 
both adrenalectomized and normal males given daily doses of 
2.0 mg. of DOCA was determined. 
Results 
A significant difference between the survivaltime of 
bilaterally adrenalectomized male and female hamsters was ob-
served. The mean survival time of the males was 6.7 days, 
while that of the female was 10.2 days. Ovariectomy equalized 
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the survival times of the two sexes, the survi val time of the 
ovariectomized fema le being similar to that of the male. 
Adrenalectomy of the female hamster appeared to cause an 
extension of the metestrus phase of the ovarian cycle ih many 
of the animals. The incidence of extended metestrus was twice as 
grea t in females fourteen weeks or older than in the younger 
animals. Adrenalectomized females, twelve weeks or younger, 
survived an average of 16.8 days when they had extension of 
metestrus. Animals of the same age group survived an avera ge 
of 7.6 days, when they did not exhibit extension of metestrus. 
Adrenalectomized females, fourteen weeks or older, survived for 
13.4 days when metestrus was extended. When metestrus was not 
extended animals of the same age group survived an average of 
9.1 days. 
Daily subcutaneous injections of 1.0 mg. of DOCA or 
DOC glucoside was able to maintain the adrenalectomized-ovari-
ectomized hamster. Only 6.5 mg. daily of progesterone, injec-
ted daily, was needed to maintain the doubly operated animals. 
The normal mean serum sodium of the male hamster was 172 
mEq. per liter, while that of the female was 156 mEq. per liter. 
Adrenalectomized male hamsters given a high-sodium drinking 
water survived no longer than animals given only tap water. 
Normal male hamsters given Purina Lab Chow and tap water 
excreted an average of 107 mEq. per liter. Females on the same 
regime excreted an avera ge of 158 mEq. per liter. The titer 
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of serum potassi~~ of the normal male was 8.5 mEq. per liter, 
that of the female was 9.3 mEq. per liter. The mean urinary 
potassiwn of the male hamsters given Purina Lab Chow was 134 
mEq. per liter, that o~ the female was 213 mEq. per liter. 
Adrenalectomy of the male hamster restuted in a fall in 
serum sodium and a rise in urinary sodium during the first three 
days a f ter the opera tion. Thereafter, the serum sodium rose 
gradually, reaching the normal level before the death of the 
animals. The urinary sodium fell from the second to the sixth 
post-operative day, then rose slightly just before death. 
Excretion of sodium was below normal from the fifth post-
operative day. 
The serum sodium of adrenalectomized male hrum ters given 
a high sodium drinking water was nearly n ormal. The urinary 
sodium of these animals was above that of the controls through-
out the course of the experiment. There was a marked fall in 
the urinary sodium, with only a moderate fall in the serum 
sodium oft he adrenalectomized :femal.e hamster. DOCA maintained 
the serum sodium of adrenalectomized male hamsters at the 
level of the control animals. 
The serum potassium of animals of all groups rose one hun-
dred per cent or more after adrenalectomy. The urinary potas-
sium of all experimental animals fell b elow normal following 
adrenalectomy. 
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Discussion 
Sisson and Ma rch (1935) conclude d tha t the survival time 
of the rat was much more dependent on age than on sex. Howe\6::' , 
Courie (1949) demonstrated that fema le rats lived four to five 
days longer than males, after a drena lectomy . The results of 
these experiments indica te that the a g e of the male hamster 
c a nnot be correlat ed with its surviva l time a fter bila teral 
adrenalectomy . However, since females lived longer than males, 
the sex of the hamster does appear to be significant. 
The phenomenon of extended surviva l time of the female 
c a n be attributed to the presence of some secret ion of the ovary, 
since adrenalectomized-ova riectomized s nimals had the s ame 
length of surviva l a s ma les. Of the t wo ma in types of ova rian 
hormones it would b e expected that Drogesterone would be the one 
most llkely to repla ce, at l ea s t in pa rt, the secretions of the 
adrenal cortex. The chemica l structure of progesterone and that 
of the adre nal corticq l steroids are similar (Ste iger and 
Re ichstein 1937). Extended metestrus in many female hamsters 
after adrenalectomy, with significa nt lengthening of surviva l 
ti me in comparison to the male and to t h ose fema le s without 
extended metestrus , likewise indicates that the essential fac~ 
tor is progesterone. 
The alteration of the sodium balance of adrenalectomized 
hamsters does not appe a r to be a contributing factor to the 
survival of the anima ls. In the adrenalectomized male , d e spite 
the fact that the se r um sodium returns to nc~mal , the animal 
d i es. The adrena lectomized male with a h i gh sod ium int ake 
survives no longer than untrea ted animals , even though the 
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sodium level of the serum is maintained close to normal from 
the day of opera tion until death. However, the r esults of this 
investigation indicate that the disturbance in the metabolism 
of potassium is an important factor in the development of the 
symptoms or adrenal insufficiency. The rise in serum potas-
sium and drop in urinary pota ssium was consistent in all 
experimental groups. Further work must be done on the role 
of DOCA in hamster physiology, for although it increases the 
survival time of adrenalectomized hamsters, it does not appear 
to effect the potassium balance. 
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